Handgrip is a predictor of physical fitness, hand functions, and nutritional status. It is affected by many factors including age, sex, body mass index, and hand dimensions.Aims and Objectives: To assess the handgrip strength among medical students and to examine its correlation with body mass index and hand dimensions. Materials and Methods: This cross-sectional study included 256 students of both sexes selected from College of Medicine, Basrah University, Iraq using non-probability purposive sampling method. Their anthropometric parameters including height, weight, and hand dimensions were assessed using routine techniques. The handgrip was measured by using a handheld dynamometer. Hand preference was determined by asking which hand was used to write. Results: The mean age of the participants was 21.1 ± 1.9 years. The mean of handgrip strength was 34.1 ± 11.9 Kg. Males had significantly (P <0.001) greater handgrip strength than females. Statistically significant correlation was detected between body mass index, hand dimensions and handgrip strength. The right-handed students scored significantly higher grip strength with their preferred hand. While among left-handed students, no significant difference in handgrip strength was noticed between left and right hands. Multivariate logistic regression analysis showed that gender, hand span, height, and body mass index were independent determinants of handgrip strength. They accounted for 70.6% of the variation in handgrip strength. Conclusion: A significant effect of body mass index and hand span on handgrip strength among medical students was observed.
INTRODUCTION
Developing countries are witnessing a challenge of overweight and obesity in addition to persistent burden of under-nutrition. 1 Handgrip strength (HGS) is a reliable clinical parameter to assess nutritional status and physical fitness.
2 In addition to its use in evaluation of musculoskeletal and neuromuscular disorders, 3, 4 it was used as a predictive factor of postoperative complications, 5 risk of mortality in patients on hemodialysis 6 and critically ill patients. 7 Handgrip strength is "the maximal power of forceful voluntary flexion of all fingers under normal biokinetic conditions". 8 Several factors were found to affect handgrip strength such as age, gender, muscle mass, body mass index, and hand dimensions. 9 Proper handgrip strength is essential for carrying precise hand functions such as gripping and pulling. It is considered a crucial factor in maximizing performance and control of many daily activities and sporting. 10, 11 The relation between body mass index and handgrip strength is controversial. Some researchers found a positive relation while others reported partial positive or no significant relationship.
Such discrepancy in results of studies about the relationship between body mass index and handgrip strength, in addition to scarcity of local studies on this issue in Basrah, Iraq signify a research specific to Basrah.
The aim of this study was to examine the correlation between body mass index, hand dimensions and handgrip strength in medical students.
MATERIALS AND METHODS

Study design and participants
This cross-sectional study was done at College of Medicine, Basrah University, Iraq during the period from 1 st of March to 30 th of May 2016. A convenient sample of 256 medical students of both sexes from stage one to six was chosen using non-probability purposive sampling method. Objectives of the study were explained to participants. They were assured that information obtained would be anonymous and confidential
Data collection
Data were collected using a special questionnaire designed for the purpose of the study. It includes socio-demographic information (name, age, sex, smoking status, and physical activity pattern).
Those who were involved in active muscle training exercises and those who had a history of fracture in the past 3 months, a deformity, or pain at rest or movement in the upper arms were excluded.
Anthropometric measurements
Height was measured to the nearest centimeter using a tape measure while the subject is in standing position without footwear and heals together. The weight was measured to the nearest 0.5 Kg, with light clothes and without footwear, by using a portable weighing scale.
The body mass index (BMI) was calculated using Quetelet's index. 14 Depending on their BMI; the subjects were classified into four groups. The subjects with a BMI of less than 18.5 were classified as underweight, the subjects with a BMI of 18.5 -24.99 (Kg/m 2 ) were classified as the normal, those who had a BMI of 25 -29.99 (Kg/m 2 ) were classified as overweight, and those with BMI of ≥30 Kg/m 2 were classified as obese. 15 The hand length was measured using measuring tape in each subject, defined as the distance between the mid-point of the distal wrist crease and the tip of the middle finger. 16 The hand width also measured using tape measure just below the knuckles excluding the thumb. Hand span was measured in dominant hand from the tip of the thumb to the tip of the small finger with the hand opened as wide as possible. 17 The handgrip strength in kilogram of the dominant hand was measured by using a handgrip dynamometer (Camry, Digital dynamometer, Amazon). Measurement was done while the participant in standing position with shoulder adducted and neutrally rotated and elbow in full extension. The participants were asked to press the handle of the dynamometer with maximum strength. The maximal voluntary contraction was sustained for at least 3 seconds and it was recorded as the handgrip strength in kilograms (kg). Three readings were taken with a gap of 10 minutes and the maximum reading was taken for analysis. 18 The Ethical Committee of College of Medicine, Basrah University approved the study. Verbal consent was obtained from each participant before staring the study.
Statistical analysis
Statistical analysis was done using SPSS Version 23 (IBM Corp., Chicago, Illinois, USA). The results were presented in tables and charts. Frequencies and percentages were calculated for the categorical variables, while continuous variables were expressed as means and standard deviations. Chi square test was used to assess the relationship between categorical variables. Analysis of variance and t-test were used to compare continuous variables, while a paired t test compared between right-and left-hand grip strength in each handedness group. Correlations between HGS and anthropometric measures were examined by Pearson's correlation analysis. A P value <0.05 was considered statistically significant. Table 1 , the mean age of the studied population was 21.1 ± 1.9 years, while the mean of handgrip strength As shown in Table 2 , all the studied variables: age, male gender, height, weight, hand span, hand width, and hand length were significantly correlated with handgrip strength at the 0.01 level.
RESULTS
As shown in
In right-handed students, a significant difference was found between right and left handgrip strength (34.2±11.9 vs. 30.1±11.8, P < 0.001). The difference was 11.9%. However, in the left-handed students, no significant difference was found between right and left handgrip strength (30.8±12.2 vs. 32.3±11.6, P=0.065). The difference was 4.6%.
[ Figure 1 ]
To examine the independent effects of the studied variables on HGS, a stepwise linear multiple regression analysis was done. Gender, hand span, height, and BMI were found to be significant predictors of handgrip strength. They explained 70.6% of the variation in handgrip strength.
[ Table 3 ]
DISCUSSION
The mean handgrip strength of the medical students in Basrah was 34.1±11.9 Kg (44.1±7.8 for males and 24.8±6.0 for females, P <0.001). This result is in line with that reported for collegiate students in Nigeria 12 and Punjab, India 18 but it was weaker than that reported for Western population, 19, 20 suggesting that handgrip strength differs in different populations. 19 Genetic factors and environmental factors such as socio-economic status and nutrition may contribute to such inter-population differences. 21, 22 In addition, differences in protocol and handgrip strength measures used in different studies may affect not only the precision and reproducibility of the measurements but also the ability to compare absolute values reported for grip strength between different study populations. 17 This study revealed that handgrip strength is directly and significantly correlated with age, a result that agreed with what was previously reported by others. 23, 24 Sartario et al. 24 suggested that the age related increase of hand grip strength is strongly associated with changes of muscle mass during childhood.
Sex wise, males showed a higher mean value for handgrip strength than females, a result that agrees with the study conducted by Koley and Singh. 18 One possible explanation for this finding was the difference in the type of activity of each gender. 12 Men were found to possess greater strength for all muscles than women 25, 26 due to difference in muscle mass because of the male testosterone hormone which enlarges muscles and increases type II fibers with high activity of glycolytic enzymes. [27] [28] [29] In accordance with what had been previously described, 30, 31 height was directly correlated with handgrip strength. Greater height leads to longer arms and greater lever arms resulting in an efficient force generation.
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In agreement with other researches 32, 33 our study showed that handgrip strength was positively and significantly correlated with body mass index.
All hand measurements (hand length, span, and width) were found to be correlated with handgrip strength, a result that agrees with that reported by others. [34] [35] [36] Bechtol in 1954 37 suggested that, on average, the dominant hand is approximately 5 -10% stronger than the nondominant hand. A general rule, which was referred to as 10% rule 38, 39 is confirmed in this study (HGS differences between dominant and non -dominant hands ranged from 4.6% to 11.9%) similar to that reported by other studies. 18, 40 In our study, no significant difference in handgrip strength had been found between the dominant and non-dominant hands in left-handed students. A result, which had been revealed by others 41, 42 This can be attributed to that most tools and appliances in daily living are designed for the right hand. Therefore, the left-handed people are compelled to use their non-dominant hands for many daily activities.
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In agreement with the results of Liao, 43 regression analysis results indicated that the independent variables; gender, hand span, height, and BMI can explain 70.6% of the variances of the HGS. The most significant factor affecting HGS was found to be gender with a beta value of -0.548 (P < 0.001), followed by hand span and height. BMI, with a beta value of 0.075 (P = 0.040) was found to be the least significant factor.
One limitation may be addressed in this study is that it was a cross-sectional study; therefore, a causal effect among variables is difficult to be identified.
CONCLUSION
The study found that gender and personal anthropometric variables; height, hand span, and BMI have a significant correlation with HGS, with gender being the most significant factor. 
